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SEMICONDUCTOR DEVICE HAVING THIN 
FILM TRANSISTOR FOR SUPPLYING 
CURRENT TO DRIVEN ELEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device 

having a plurality of thin ?lm transistors on a substrate that 
use a semiconductor layer annealed With a pulsed laser as a 
channel region, and more particularly to a technique for 
overcoming variation in characteristics of the thin ?lm 
transistors. 

2. Description of the Related Art 
Organic electroluminescence (hereinafter referred to as 

“EL”) display panels using organic EL elements have been 
knoWn as ?at panel displays. While liquid crystal displays 
(LCDs) are Widely used as ?at panel displays, LCDs merely 
transmit or re?ect light from a light source separately 
provided, and are not self-emissive. On the other hand, 
organic EL display elements are used in a self-emissive 
display for supplying a current to an organic EL layer 
provided betWeen an anode and a cathode to cause the layer 
to emit light, and therefore back lighting is not required, as 
opposed to the LCDs. Organic EL display devices are 
eXpected to become the neXt mainstream ?at display panel 
for that reason and because they are thin, compact, bright, 
and loW poWer consumption devices. Particularly, it is 
eXpected that an active matriX organic EL displays including 
a sWitching element for each piXel Will become mainstream 
devices among neXt-generation ?at panel display devices 
because each piXel thereof can be independently turned on 
and the amount of current can be decreased, making it 
possible to maintain a high display quality When used for 
high resolution large screens. 

In such an active matriX organic EL display, a thin ?lm 
transistor provided for sWitching for each of the organic EL 
elements (light emissive elements) arranged in a matrix 
individually controls supply of current from a poWer source 
to the organic EL element, and causes the element to emit 
light at a luminance in accordance With a data signal. 

KnoWn thin ?lm transistors used as a sWitching element 
for each piXel include a semiconductor layer of amorphous 
silicon, polysilicon, or the like, Which forms an active layer. 
Although for simplicity in manufacturing amorphous silicon 
has been used is for the active layer of the thin ?lm 
transistor, polycrystalline silicon has come to be used in 
order to enhance operation speed and implement a display 
device With a high resolution. To form a polysilicon layer on 
a substrate having a loW melting point, a laser annealing 
process is ?rst performed on a silicon ?lm formed in the 
amorphous state, thereby polycrystalliZing the amorphous 
silicon. 

Such a laser annealing process is usually performed by 
sequentially scanning the irradiated object With a pulsed 
laser beam (sheet beam) shaped such that the irradiated area 
Will be an elongated rectangle. HoWever, as the laser irra 
diating conditions are varied and not alWays the same, 
resulting variation in crystal properties of the thin ?lm 
transistors leads to a difference in properties among the thin 
?lm transistors located at different positions on the same 
substrate, resulting in variations in piXel luminance. 

SUMMARY OF INVENTION 

The present invention has been conceived in vieW of the 
above-described problems, and aims to provide a semicon 
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2 
ductor device capable of avoiding problems in thin ?lm 
transistors caused by laser annealing. 
The present invention provides a semiconductor device 

having on a substrate a plurality of thin ?lm transistors using 
a semiconductor layer annealed With a pulsed laser as a 
channel region, Wherein said semiconductor device includes 
a pair of thin ?lm transistors connected in parallel for 
supplying a driving current from a poWer source line to a 
driven element, and channels of said pair of thin ?lm 
transistors connected in parallel are displaced from each 
other in a direction parallel to a scanning direction of said 
pulsed laser. 
By thus disposing a pair of thin ?lm transistors for 

supplying the driving current to the driven element such that 
they are displaced from each other With respect to the 
scanning direction of the laser, effects of variations in energy 
in a single shot and betWeen shots on the characteristics of 
the transistors can be diminished, thereby reducing variation 
in luminance of light emitted from organic EL elements 
forming the respective piXels of, for example, an organic EL 
display device. 
The present invention also provides a semiconductor 

device having on a substrate a plurality of thin ?lm transis 
tors using a semiconductor layer annealed by scanning With 
a pulsed laser as a channel region, Wherein said semicon 
ductor device includes a pair of thin ?lm transistors con 
nected in parallel for supplying a driving current from a 
poWer source line to a driven element, and channels of said 
pair of thin ?lm transistors connected in parallel are spaced 
apart along a direction parallel to a scanning direction of said 
pulsed laser by a distance set longer than a movement pitch 
of said pulsed laser in said scanning direction. 
As the line beam moves by a predetermined pitch betWeen 

shots during laser annealing, a single region is irradiated by 
a plurality of laser beams. The variation of laser output 
energy among the plurality of shots causes a difference in 
quality of the polycrystalliZed ?lm after the laser irradiation 
(annealing) process. When the channels of the thin ?lm 
transistors are spaced apart along the direction parallel to the 
scanning direction of a pulsed laser by the distance longer 
than the pitch of movement of the laser, the tWo thin ?lm 
transistors can be prevented from being annealed by the 
same laser shot, thereby greatly reducing the chance of 
simultaneously causing a problem in the tWo thin ?lm 
transistors. 
The channels of said pair of thin ?lm transistors are 

preferably disposed so as to align as a substantially straight 
line along the scanning direction of said pulsed laser. 
The above arrangement can achieve separation of the tWo 

thin ?lm transistors While diminishing adverse effects on 
arrangement of the remaining elements. 
The channels of said pair of thin ?lm transistors are 

preferably disposed on opposing sides of said poWer source 
line, thereby achieving an effective arrangement of the pair 
of thin ?lm transistors. 

According to one aspect, the present invention provides a 
semiconductor device having on a substrate a plurality of 
thin ?lm transistors using a semiconductor layer annealed 
With a line pulsed laser as a channel region, comprising at 
least one element driving thin ?lm transistor for supplying a 
driving current from a poWer source line to a corresponding 
driven element, and a sWitching thin ?lm transistor for 
controlling said element driving thin ?lm transistor based on 
a data signal supplied When selected, Wherein said element 
driving thin ?lm transistor is disposed such that a longitu 
dinal direction of said line pulsed laser traverses said ele 
ment driving thin ?lm transistor in a channel Width direction 
thereof. 
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According to another aspect of the invention, the present 
invention provides a semiconductor device having on a 
substrate a plurality of thin ?lm transistors using a semi 
conductor layer annealed With a pulsed laser as a channel 
region, comprising at least one element driving thin ?lm 
transistor for supplying a driving current from a poWer 
source line to a corresponding driven element, and a sWitch 
ing thin ?lm transistor for controlling said element driving 
thin ?lm transistor based on a data signal supplied When 
selected, Wherein said element driving thin ?lm transistor is 
disposed such that a channel length direction thereof runs 
substantially parallel to a scanning direction of said pulsed 
laser. 

In laser annealing, variations in laser output energy are 
observed Within a single irradiation area of a pulsed laser 
and betWeen laser shots. MeanWhile, an element driving thin 
?lm transistor used in, for example, a semiconductor device 
such as an active matrix display device serves to drive an EL 
element. When polycrystalline silicon is used for an active 
layer of this transistor and this polycrystalline silicon TFT 
has such a driving capability as, for example, the mobility of 
100 cm2/vsec,the element driving TFT is often designed to 
have an extremely long channel length With respect to a 
channel Width thereof. Therefore, by disposing the element 
driving thin ?lm transistor such that the channel length 
direction runs substantially parallel to the scanning direction 
of the laser or that the longitudinal direction of the laser 
traverses the channel Width direction, annealing of the entire 
channel region of a single element driving thin ?lm transis 
tor by a single shot can be prevented. Such an arrangement 
can be achieved by providing the element driving thin ?lm 
transistor With a channel length longer than a pitch of a 
single movement of a pulsed laser. Consequently, When a 
plurality of driven elements are formed on a single substrate 
and a plurality of element driving thin ?lm transistors are 
formed corresponding to a plurality of the driven elements 
for supplying a current thereto, each of the thin ?lm tran 
sistors is annealed through a plurality of laser shots, so that 
variation in energy among the shots is uniformly put on each 
transistor, thereby averaging the characteristics of the 
respective thin ?lm transistors. As a result, variation in 
luminance of light emitted from organic EL elements form 
ing the respective pixels of, for example, an organic EL 
display device can be signi?cantly reduced. 

According to a further aspect of the present invention, in 
the above semiconductor device, a channel length direction 
of said element driving thin ?lm transistor does not coincide 
With a channel length direction of said sWitching thin ?lm 
transistor. 

According to a further aspect of the present invention, in 
a semiconductor device as described above, a channel length 
direction of said element driving thin ?lm transistor coin 
cides With a direction in Which a data line for supplying said 
data signal to said sWitching thin ?lm transistor extends. 

The sWitching thin ?lm transistor is disposed near an 
intersection betWeen a selection line for selecting the tran 
sistor and a data line for supplying a data signal, and is often 
arranged such that the channel length direction of the 
sWitching thin ?lm transistor is substantially parallel to the 
direction in Which the selection line extends. When, in such 
a layout, the channel length of the element driving thin ?lm 
transistor is disposed to extend in a direction other than that 
of the sWitching thin ?lm transistor or in a direction the data 
line extends, lengthening of the channel length of the 
element driving thin ?lm transistor is simpli?ed, thereby 
facilitating arrangement of a plurality of element driving 
thin ?lm transistors connected in parallel or series in a pixel. 
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4 
As a result, the element driving thin ?lm transistors having 
balanced characteristics can be implemented due to reduced 
variation in laser annealing conditions among the element 
driving thin ?lm transistors. 

For each of the above semiconductor devices, said driven 
element is an organic electroluminescence element, and said 
semiconductor device is an organic electroluminescence 
display including the organic EL elements arranged in a 
matrix. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a circuit con?guration of a pixel of an 
organic EL display device according to a ?rst embodiment 
of the present invention. 

FIG. 2 illustrates an irradiation pitch of a laser. 

FIGS. 3A, 3B, and 3C shoW arrangements of channels of 
thin ?lm transistors (TFTs). 

FIG. 4 illustrates a planar con?guration of the organic EL 
display device according to the ?rst embodiment of the 
present invention. 

FIG. 5 is a cross sectional vieW taken along the line B—B 
in FIG. 4. 

FIG. 6 illustrates a planar con?guration of an organic EL 
display device according to a second embodiment of the 
present invention. 

FIG. 7 illustrates another planar con?guration of the 
organic EL display device according to the second embodi 
ment of the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention Will noW 
be described With reference to the accompanying draWings. 
[First Embodiment] 

FIG. 1 shoWs a circuit con?guration for each pixel of an 
organic EL display panel of an active matrix type. For a 
single pixel, an organic EL element OEL, a thin ?lm 
transistor TFT1 for sWitching, TFTs for driving elements 
(TFT2a and TFT2b), and a storage capacitor Cs are pro 
vided. The N-channel thin ?lm transistor TFT1 has a gate 
connected to a gate line (selection line) 22, a drain connected 
to a data line 61, and a source connected to gates of the tWo 
P-channel thin ?lm transistors TFT2a and TFT2b connected 
in parallel. The thin ?lm transistors TFT2a and TFT2b each 
have a source connected to a poWer source line 16, and a 
drain connected in common to the organic EL element OEL 
Whose other end is connected to a constant potential (Vcom). 
The gates of the thin ?lm transistors TFT2a and TFT2b are 
connected to the storage capacitor Cs Whose other end is 
connected to a poWer source 50. 
When a signal at a level suf?cient to turn on the N-channel 

TFT 1 is applied to the gate line 22 as a selection signal, the 
thin ?lm transistor TFT1 is turned on, and the thin ?lm 
transistors TFT2a and TFT2b are operated in accordance 
With a voltage value of a data signal applied to the data line 
61 at that moment. Because the thin ?lm transistors TFT2a 
and TFT2b are formed as the P-channel TFTs, these 
P-channel transistors are turned on When the data signal is at 
a level suf?cient to turn on the transistors TFT2a and TFT2b 
(predetermined L level) and, in accordance With this L level, 
a current is supplied from the poWer source line 16 to the 
organic EL element OEL, Whereby the organic EL element 
OEL emits light. Further, because the capacitor Cs is 
provided, the gate voltage of the thin ?lm transistors TFT2a 
and TFT2b is maintained at the data signal voltage for a 
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predetermined time after the thin ?lm transistor TFT1 is 
turned off. In accordance With this voltage, the thin ?lm 
transistors TFT2a and TFT2b are continuously in the ON 
state, so that the organic EL element OEL continues light 
emission. 
A plurality of pixels, each having the above-described 

con?guration, are arranged in a matrix in a display area of 
a display device. An H level selection signal is sequentially 
supplied to the gate line 22 extending in the roW direction of 
pixels arranged in the matrix as described above, thereby 
sequentially selecting the corresponding line and turning on 
the thin ?lm transistor TFT1. At the same time, display data 
for a pixel at the corresponding coordinates is supplied to the 
data line 61 extending in a column direction of the pixels 
arranged in the matrix, so that the organic EL element OEL 
for the corresponding pixel can emit light at the luminance 
in accordance With the display data. 

The voltage of the data signal supplied to the data line 61 
is adjusted in accordance With the luminance to be 
displayed, and is applied to the gates of the thin ?lm 
transistors TFT2a and TFT2b through the thin ?lm transistor 
TFT1. Consequently, the amount of current supplied from 
the poWer source line 16 to the organic EL element OEL for 
that pixel is adjusted, thereby adjusting the luminance of 
light emitted from the organic EL element OEL and dis 
playing images With a desired tone. 

In the present embodiment, tWo thin ?lm transistors 
TFT2a and TFT2b are provided as the thin ?lm transistors 
for supplying a driving current from the poWer source line 
16 to the organic EL element OEL. Provision of such a 
plurality of thin ?lm transistors (TFT2a and TFT2b) con 
nected in parallel enables supply of a suf?cient driving 
current to the organic EL element OEL. 

Further, a distance LbetWeen the channels of the tWo thin 
?lm transistors TFT2a and TFT2b is determined corre 
sponding to a movement pitch of the laser during laser 
annealing. More speci?cally, the distance L is set larger than 
the movement pitch P during laser annealing (L>P). 

FIG. 2 shoWs the movement pitch during laser annealing. 
For this laser annealing process, an excimer laser or the like 
is used, and the laser beam therefrom is shaped as an 
elongated rectangle having a Width W. The laser is a pulsed 
laser, and moved in the Width direction of the rectangle by 
the pitch P after each irradiation. The pitch P is smaller than 
the Width W, being half the Width W in this particular 
example. Basically the semiconductor layer is irradiated 
tWice by the pulsed laser. It should be noted that, While the 
laser irradiation areas are illustrated in the ?gure as being 
shifted in the vertical direction for clarity of illustration, in 
actual operation the laser is not shifted in the vertical 
direction, but only scans in the horiZontal direction. In the 
example shoWn in FIG. 2, scanning is performed from the 
left, ie from to (viii). When the Width W is 600 m and 
the pitch P is 30 m, the area having the Width W is irradiated 
20 times by the laser and the ratio of the pitch to the Width 
is 1/20 in contrast to 1/2 in the above example. 

Although desirably a constant energy of the laser is 
maintained throughout irradiation, variation cannot be elimi 
nated at present. 

Therefore, the irradiated energy may differ among differ 
ent irradiation areas as the laser moves by the pitch P. 
HoWever, because in the present embodiment the tWo thin 
?lm transistors TFT2a and TFT2b are spaced apart by a 
distance longer than the pitch P, it is possible to prevent the 
channels of both transistors TFT2a and TFT2b from being 
annealed by the same n’h shot. As a result, it is possible to 
effectively prevent the characteristics of the tWo thin ?lm 
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6 
transistors TFT2a and TFT2b from varying in the same 
manner and the combined characteristics of these transistors 
TFT2a and TFT2b from greatly differing from those of the 
transistors TFT2a and TFT2b for pixels at other locations. 
While the distance L exceeds the pitch P in the ?rst 

embodiment, maintaining such a relationship is not alWays 
necessary. As long as the channels of the thin ?lm transistors 
TFT2a and TFT2b are displaced from each other in the 
direction parallel to the laser scanning direction, the possi 
bility of simultaneously irradiating both thin ?lm transistors 
TFT2a and TFT2b With a particular laser shot having 
deviated characteristics can be reduced. Alternatively, a 
layout in Which these tWo TFTs are disposed such that the 
channels thereof do not run in parallel to each other may be 
employed in the ?rst embodiment to displace the TFTS from 
each other in the directions parallel and perpendicular to the 
laser scanning direction. Such a layout can reduce the 
possibility of varying the characteristics of the thin ?lm 
transistors TFT2a and TFT2b in the same manner. 

FIG. 3A, FIG. 3B, and FIG. 3C illustrate examples of the 
relationship betWeen the laser movement pitch (scanning 
pitch) P and the positions of the channels of the thin ?lm 
transistors TFT2a and TFT2b. When the channels of the thin 
?lm transistors TFT2a and TFT2b are arranged at exactly 
the same position With respect to the laser scanning direction 
as illustrated in FIG. 3B, both of the thin ?lm transistors 
TFT2a and TFT2b Will have substantially the same charac 
teristics. On the other hand, a slight displacement as illus 
trated in FIG. 3A and FIG. 3C can produce a difference in 
characteristics of these tWo transistors, thereby reducing 
variation in the amount of light emitted from the organic EL 
element OEL. The arrangement in Which both of the tran 
sistors TFT2a and TFT2b are not completely covered by a 
single shot as shoWn in FIG. 3A is effective When the laser 
energy varies betWeen shots, While the arrangement shoWn 
in FIGS. 3A and 3C is effective When the laser energy varies 
Within a single shot. 

FIG. 4 shoWs an example of a planar con?guration of an 
organic EL display device having a circuit con?guration 
illustrated in FIG. 1, and FIG. 5 shoWs a cross sectional vieW 
taken along the line B—B. 

Referring to FIG. 4, a single pixel region is de?ned by the 
gate line 22 extending in a roW direction and the data line 61 
in the column direction, and in this region the thin ?lm 
transistor TFT1, the storage capacitor Cs, the tWo P-channel 
thin ?lm transistors TFT2a and TFT2b, and an organic EL 
element 60 connected to the drains of the transistors TFT2a 
and TFT2b through a drain electrode 17 are disposed. The 
poWer source line 16 is disposed in a central portion sand 
Wiched betWeen the tWo data lines 61 and penetrating the 
central portion of each pixel region in the vertical direction. 

For each pixel region, the thin ?lm transistor TFT1 is 
formed near an intersection betWeen the gate line 22 and the 
data line 61. The thin ?lm transistor TFT1 includes an active 
layer 42 formed of p-Si obtained by polycrystalliZing a-Si 
through a laser annealing process, and underlying, at tWo 
portions thereof, the gate electrode 44 protruding from the 
gate line 22. Thus, the transistor is of a double gate structure. 
The P-channel thin ?lm transistors TFT2a and TFT2b use 

a semiconductor layer 12 as their active layer. The semi 
conductor layer 12 is formed in the pattern of an island 
crossing under the poWer source line 16 and extending on 
either side of the line 16. Referring to FIG. 5, impurities are 
doped to the opposing ends of the semiconductor layer 12 to 
form drain regions of the transistors TFT2a and TFT2b, and 
to portions stretching from the poWer source line 16 on both 
sides thereof to form source regions, Which are connected to 
the poWer source line 16 through a source electrode 24. 
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The respective regions of the semiconductor layer 12 
located under the gate electrodes 14 and sandWiched 
betWeen the source and drain regions act as channel regions 
of the thin ?lm transistors TFT2a and TFT2b. The distance 
betWeen the channels (the distance betWeen the gate elec 
trodes 14) corresponds to the above-described distance L, 
Which is set longer than the scanning pitch P during the laser 
annealing process. 

It should be noted that, because the semiconductor layer 
12 is simultaneously formed With the active layer 42 of the 
thin ?lm transistor TFT1, polycrystalline silicon formed by 
polycrystalliZing a-Si through the laser annealing process 
described above is used for this layer. 

Each gate electrode 14 of the thin ?lm transistors TFT2a 
and TFT2b is a conductive layer simultaneously formed 
With, and of the same material as, the gate line 22, and 
extending along the poWer source line 16. Each of the gate 
electrodes 14 is connected to one electrode of the storage 
capacitor Cs, and this electrode is integrally formed With the 
active layer 42 of the thin ?lm transistor TFT1. The other 
electrode of the storage capacitor Cs is integrally formed 
With an SC line 50. 

After the thin ?lm transistors TFT1, TFT2a, and TFT2b 
are formed as described above, a planariZation insulating 
layer 18 is formed over the entire surface of the substrate for 
the purpose of planariZing the upper surface. 
On this planariZation insulating ?lm 18, the organic EL 

element 60 is formed including an anode (transparent 
electrode) 91, a cathode (metal electrode) 97 provided as the 
uppermost layer shared by all pixels, and organic layers 
stacked betWeen them. The anodes 91 are connected to each 
other through the drain regions of the thin ?lm transistors 
TFT2a and TFT2b and the drain electrode 17. The organic 
layers include, for example, a ?rst hole transport layer 93, a 
second hole transport layer 94, an organic light emissive 
layer 95, and an electron transport layer 96, stacked in this 
order from the anode side. By Way of example, the ?rst hole 
transport layer 93 includes MTDATA: 4,4‘,4“,-tris(3 
methylphenylphenylamino)triphenylamine, the second hole 
transport layer 94 includes TPD: N,N‘-diphenyl-N,N‘-di(3 
methylphenyl)-1,1‘-biphenyl-4,4‘-diamine, the organic light 
emissive layer 95 includes, for example, BeBq2: bis(10 
hydroxybenZo[h]quinolinato)beryllium) containing quinac 
ridone derivatives, though the material depends on the 
intended color of light emitted, i.e. R, G, or B, and the 
electron transport layer 96 includes BeBq2. Except for the 
anode 91 formed of ITO (indium tin oxide) or the like and 
the organic emissive layer 95, the respective layers (93, 94, 
96, and 97) of the organic EL element 60 are shared by all 
pixels. It should be noted that the con?guration of the 
element 60 is not limited to the example described above. 

The above-described elements are all stacked on the 
substrate 10 to form a multi-layered structure. More 
speci?cally, on the substrate 10 an insulating layer 11 of 
SiO2 and SiN is formed, and is topped by the semiconductor 
layer 12 formed in the above-described pattern, as illustrated 
in FIG. 5. The gate electrode 14 of Cr is then formed in a 
predetermined pattern on the semiconductor layer 12 With a 
gate instulating ?lm 13 interposed betWeen them, and is 
covered With a multi-layered interlayer insulating ?lm 15 
formed of SiO2 and SiN. The drain electrode 17 connected 
to the drain region of the semiconductor layer 12 through a 
contact hole is next formed of Al, and the source electrode 
24, the poWer source line 16, and the data line 61 are also 
formed. These elements are covered With the planariZation 
insulating layer 18 formed of a photosensitive resin, and on 
this layer the organic EL element 60 of the above-described 
con?guration is formed. 
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In the present embodiment, the active layers 42 and 12 are 

formed of a polycrystalline silicon layer polycrystalliZed 
through a laser annealing process, Which is performed by 
scanning the layer in the roW direction With a laser beam 
elongated in the column direction of FIG. 4. Because the thin 
?lm transistors TFT2a and TFT2b are spaced apart, ie the 
distance L betWeen the channels exceeds the laser pitch P, 
the thin ?lm transistors TFT2a and TFT2b can be prevented 
from simultaneously causing a problem by laser annealing. 

Further, as shoWn in FIG. 4, the poWer source line 16 is 
disposed penetrating the central portion of the pixels With 
respect to the horiZontal direction, and the thin ?lm transis 
tors TFT2a and TFT2b are disposed on opposing sides of the 
line 16. As a result, provision of a Wide separation betWeen 
the thin ?lm transistors TFT2a and TFT2b Will not particu 
larly affect other factors, such as aperture ratio (light emis 
sive area), and an effective layout can be achieved. 
[Second Embodiment] 

Next, another exemplary pixel con?guration Will be 
described as a second embodiment of the present invention 
With reference to FIG. 6. The elements corresponding to 
those described above are labeled With the same numerals 
and characters. Mainly the layouts of the transistors TFT1 
and TFT2, the storage capacitor Cs, and the organic EL 
element 60 for each pixel differ from those in the ?rst 
embodiment, and the cross sectional structures of the respec 
tive circuit elements are the same as those described above 
and as shoWn in FIG. 5. 

In the example of FIG. 6, the laser used for annealing is 
set to scan in the column direction of the ?gure (the direction 
in Which the data line 61 extends), and the thin ?lm transistor 
TFT2 supplying an electric current from the poWer source 
line 16 to the organic EL element 60 for driving is disposed 
such that the channel (12c) length direction runs substan 
tially parallel to the scanning direction of the annealing laser, 
or that the longitudinal edge of the area irradiated With the 
pulsed laser traverses the channel 12c in the Width direction. 
On the other hand, the sWitching thin ?lm transistor TFT1 is 
formed such that the channel length direction thereof 
extends in the roW direction, ie the direction the gate line 
22 extends, as in the ?rst embodiment. Therefore, in the 
con?guration of the second embodiment, the channel length 
directions of the sWitching thin ?lm transistor TFT1 and the 
element driving thin ?lm transistor TFT2 are arranged to 
differ from each other. 
The active layer (semiconductor layer) 12 of the element 

driving transistor TFT2 is formed of polysilicon obtained by 
polycrystalliZing amorphous silicon through laser annealing, 
similarly to the transistors TFT2a and TFT2b in the ?rst 
embodiment. The active layer 12 is patterned along the 
direction in Which the data line 61 extends, as illustrated in 
FIG. 6. Further, in the example of FIG. 6, the active layer 12 
is electrically connected to the poWer source line 16 near the 
storage capacitor Cs, and to the ITO electrode (anode) 91 of 
the organic EL element 60 near the gate line 22 for the next 
roW of the matrix. 
The gate electrode 14 of the transistor TFT2 is connected 

to one electrode of the storage capacitor Cs integral With the 
active layer 42 of the sWitching thin ?lm transistor TFT1, 
and is patterned to extend in the column direction from the 
portion connected to the capacitor Cs, thereby extensively 
covering the active layer 12. The active layer 12 includes the 
channel region 12c Whose upper layer is covered With the 
gate electrode 14, and a source region 12s (on, for example, 
the poWer source line 16 side) and a drain region 12d (on, 
for example, the anode 91 side) on opposing sides of the 
channel region 12c. 
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Because a high withstanding voltage is desired for the 
element driving thin ?lm transistor TFT2 required to supply 
a relatively large amount of current to the organic EL 
element 60, it is very likely that the channel length CL Will 
be designed longer than the channel Width and longer than 
the channel length of the sWitching thin ?lm transistor TFT1. 

Accordingly, arrangement of this transistor TFT2 such 
that the channel length direction thereof coincides With the 
scanning direction of the annealing laser simpli?es decreas 
ing of the possibility of the entire channel region of the 
element driving transistor TFT2 being annealed by a single 
laser shot such that characteristics of that particular transis 
tor TFT2 Will not signi?cantly differ from the transistors 
TFT2 for pixels at other locations. 

In a display device such as that of the second 
embodiment, each of red, green, and blue pixels are often 
designed as a rectangle having a shorter side in the roW 
direction and a longer side in the column direction, as 
illustrated in FIG. 6. In such a case, a required channel 
length can easily be acquired by arranging the channel 
length of the transistor TFT2 along the column direction, ie 
the longitudinal direction of the pixel region. In addition, 
such a layout enables to easily provide the channel length 
CL exceeding the laser movement pitch P. 

The laser movement pitch P can be adjusted by setting of 
the optical system or the like. In this example the pitch is 
preferably set to deal With the channel length greater than the 
channel Width, ie the pitch P is set smaller than the channel 
length CL. 

In the second embodiment, the channel length CL of the 
channel region 12c in the transistor TFT2 is preferably set to 
exceed the movement pitch P betWeen shots of the pulsed 
laser, as described above. Such setting ensures that the 
channel region 120 of the transistor TFT2 is polycrystalliZed 
through a plurality of pulsed laser shots, thereby reducing 
the difference in characteristics among the transistors TFT2 
for pixels at different locations similarly polycrystalliZed 
through a plurality of pulsed laser shots. 

While a single transistor TFT2 With its channel direction 
arranged as set forth above is provided betWeen the corre 
sponding organic EL element 60 (the anode 91 thereof) and 
the poWer source line 16 in the above-described layout of 
FIG. 6, a plurality of transistors TFT2 may be provided as 
in the ?rst embodiment. FIG. 7 shoWs an exemplary layout 
in Which a plurality of element driving transistors TFT2 are 
connected in parallel betWeen the poWer source line 16 and 
the organic EL element 60. The equivalent circuit of the 
pixel con?guration illustrated in FIG. 7 is the same as that 
shoWn in FIG. 1. 

Active layers 12a and 12b of the element driving tran 
sistors TFTZa and TFT2b shoWn in FIG. 7 also extend in the 
direction parallel to the scanning direction of the annealing 
laser (same as the direction in Which the data line 61 extends 
in this example). The active layers 12a and 12b illustrated in 
FIG. 7 are aligned in a straight line. While the active layers 
of the plurality of transistors TFTZa and TFT2b need not be 
aligned in a straight line, channel regions 12ca and 12cb of 
the transistors TFT2a and TFT2b, respectively, are prefer 
ably arranged so as not to run in completely the same 
manner With respect to the laser scanning direction but to 
deviate from each other at least slightly. Such a deviation 
can signi?cantly reduce the likelihood of resulting problems, 
such as the characteristics of both transistors TFTZa and 
TFT2b deviating from the designed values in completely the 
same manner, and both transistors simultaneously becoming 
inoperable, Whereby variation in total amount of current 
supplied to the organic EL element 60 for each pixel can be 
decreased. 
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Further, in the con?guration of FIG. 7, the distance L 

betWeen the channels 12ca and 12cb of the thin ?lm tran 
sistors TFTZa and TFT2b is preferably longer than the laser 
movement pitch P. A layout satisfying such a condition 
ensures prevention of simultaneous malfunction of the plu 
rality of transistors TFTZa and TFT2b in a single pixel 
Which Would otherWise be possibly caused by laser anneal 
mg. 
With the embodiments described above, the entire chan 

nel region of a single element driving thin ?lm transistor for 
supplying a current to the organic EL element can be 
prevented from being annealed With a single shot by arrang 
ing the element driving thin ?lm transistor such that the 
channel length direction thereof runs substantially parallel to 
the laser scanning direction or that the longitudinal direction 
of the laser irradiation area traverses the channel in the 
channel Width direction. Such an arrangement averages 
variation, if generated, in irradiation energy among laser 
annealing shots, thereby preventing a signi?cant difference 
in characteristics among the element driving thin ?lm tran 
sistors for pixels at different locations. 

Further, displacing the plurality of thin ?lm transistors for 
supplying a current to the corresponding organic EL element 
from each other With respect to the laser scanning direction 
can prevent the plurality of thin ?lm transistors from varying 
in the same manner. 

Further, by separating the channels of the plurality of thin 
?lm transistors by the distance longer than the laser move 
ment pitch, the likelihood of annealing the tWo thin ?lm 
transistors through a particular laser shot can be decreased, 
thereby signi?cantly reducing the chance of malfunctions, 
such as the same variation in the tWo thin ?lm transistors. 
What is claimed is: 
1. A semiconductor device having on a substrate a plu 

rality of thin ?lm transistors using a semiconductor layer 
annealed With a pulsed laser as a channel region, Wherein 

said semiconductor device includes a pair of thin ?lm 
transistors connected in parallel for supplying a driving 
current from a poWer source line to a driven element, 
and 

channels of said pair of thin ?lm transistors connected in 
parallel are displaced from each other in a direction 
parallel to a scanning direction of said pulsed laser. 

2. The semiconductor device according to claim 1, 
Wherein 

the channels of said pair of thin ?lm transistors are 
disposed so as to align as a substantially straight line 
along the scanning direction of said pulsed laser. 

3. The semiconductor device according to claim 1, 
Wherein 

the channels of said pair of thin ?lm transistors are 
disposed on opposing sides of said poWer source line. 

4. The semiconductor device according to claim 1, 
Wherein 

said driven element is an organic electroluminescence 
element, and 

said semiconductor device is an organic electrolumines 
cence display including the organic EL elements 
arranged in a matrix. 

5. A semiconductor device having on a substrate a plu 
rality of thin ?lm transistors using a semiconductor layer 
annealed by scanning With a pulsed laser as a channel 
region, Wherein 

said semiconductor device includes a pair of thin ?lm 
transistors connected in parallel for supplying a driving 
current from a poWer source line to a driven element, 
and 
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channels of said pair of thin ?lm transistors connected in 
parallel are spaced apart along a direction parallel to a 
scanning direction of said pulsed laser by a distance set 
longer than a movement pitch of said pulsed laser in 
said scanning direction. 

6. The semiconductor device according to claim 5, 
Wherein 

the channels of said pair of thin ?lm transistors are 
disposed so as to align as a substantially straight line 
along the scanning direction of said pulsed laser. 

7. The semiconductor device according to claim 5, 
Wherein 

12 
the channels of said pair of thin ?lm transistors are 

disposed on opposing sides of said poWer source line. 
8. The semiconductor device according to claim 5, 

Wherein 

said driven element is an organic electroluminescence 

element, and 
said semiconductor device is an organic electrolumines 

cence display including the organic EL elements 
arranged in a matrix. 


